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PHENYLSULPH0N50RTH0CARBONIC  ACID 
Am  imLAYET)  COltPOimDS. 

I.   INTRODUCTION. 

In  1890  Ziegler^^^  prerared  phenylthiosalicylic  acid  from 
anthranilic  acid  and  thiophenol; 

,COOH  ^COOH 


I.        C.IL<"  +  HO.NO     =     ChX  +     SHgO. 

"^  '^^NIIg.HCl  (o)  Ng.Cl 

^OOH  /COOH 

""      ^N^.Cl  •  ^N2.5C^H5 

/COOH  ^COOH 

III.        C5H4<f  =     Co"4<C  "^     ^2- 

<i        o   o  6    5 

He  did  not  isolate  the  intemediate  diazo  coinpound.  By  heating  phen- 
ylthiosalicylic acid  with  concentrated  sulphuric  acid  he  obtained  thi- 
oxanthone,   water  being  eliminated: 

yCOOH  /^°\ 

Q     5 

By  oxidation  of  thioianthone  by  means  of  chromic  acid,  he  obtained 
benzophenonesulphone : 

S  SCg/ 


1.  Ber.  d.  Chem.  Gee.  23-,  2469. 


2. 


In  1891  Graebe  and  Sohultesa    continued  the  investiga- 
tion of  phenylthiosalioylio  acid  and  its  derivatives.   They  Isolated 
the  Intermediate  diazo  ether,  and  tlien  investigated  the  condensation 
product  formed  by  heating  phenylthioHalioylio  acid  with  sulphuric  ac- 
id, with  the  following  results: 

Thioxanthone,  reduced  by  raeans  of  hydriodic  rvcid  or  zinc 
duet,  gives  diphenylenerne thane  exdyV^ie.; 

S  '^  ^  s 

By  oxidation  of  thif;  product  benzophenonesulphor.e  is  fonr.ed, 


the  intermediate  compounds  not  being  obtained.   They  showed  that  this 

(2) 

substance  is  identical  with  the  one  obtained  by  Beckmam,   who  ob- 
tained it  as  a  by  product  when  benzophenone  was  subjected  to  the  ac- 
tion of  funing  siilphuric  acid. 

When  benzophenonemilphone  is  reduced  by  raeans  of  hydriodic 
acid  in  the  presence  of  red  phosphorus,  diphenyleneraethanesulphone 
is  fonr,ed,  which  is  one  of  the  two  possible  intermediate  products  be- 
tween benzpphenonesulphone  eind  diphenylenenethane  sulphide: 
'CO  \^  yCH, 

2 
Graebe  and  Sohultess  alno  showed  that  orthodiazotoluene 

chloride  yields  orthotolylphenyl  sulphide  when  treated  with  sodium 

thiophenolate.    When  the  vapor  of  orthotolylphenyl  sulphide  is 

passed  through  a  heated  tube,  diphenylenor.ethnne  sulphide  is  forr.ed: 

(1)  Ann.  Chem.  (Liebig)  26S,  1. 

C2)  Ber.  d.  nheri.  Ges.  6^,  1112;  8^,  99!). 


V^4<'  >^6H4  *^  =  C^H,<^'"^)>CeH,   ^  H^O. 


3. 


'CH„  /CH., 


o  0 

This  ra«iotion  in  analosons  to  the  formation  of  anthracene  from 


orthobenzyltoluene : 


H  <  »   C  H  <     >G^H.   >     C^H,<  )   > 


C 


■  cH^.yi, 


•  CH, 
CHo- 

Grae'oe  and  Sohultesa  also  treated  phenylthioBalicylio  acid 
with  dilute  nitrio  acid  and  obtained  a  product  to  which  thev  gave  the 

neoTte  "Bnlphobenjideorthocirbonio  acid"  and  which  they  considered  to 

<COOH 
. 

Ihey  analysed  the  substance  and  obtained  results  in  accord  with 
this  view.   They  did  not  describe  any  salts  of  this  aoid. 

The  corresponding  acid  in  the  para  series,  "^araphenylstulphone- 
benzoio  acid",  had  already  been  made  and  described  in  1878,  by  Micha- 
el and  Adair,    who  gave  it  this  name,  and  who  found  its  melting  point 
to  be  over  300°.    They  first  prepared  paratolylphenylnulphone  by  the 
action  of  benzenesulphonic  acid,  toluene  and  phosphorus  pentoxide, 
and  also  from  tol\ienesulphonio  acid,  benzene  and  phosphorus  pentoiide. 
They  oxidized  this  sulphone  by  means  of  potassium  perriflinganat e  in 
acetic  acid  solution,  and  also  in  water,  and  obtained  a  small  yield 
of  paraphenylsulphonebenzoic  acid, 

Paxatolylphenylsulphone  was  also  macle  in   the  same  year,  1873, 

(2) 
by  Beclairts  and  R.  Otto,   by  the  action  of  toluene  and  aluminivm 

(3) 
chloride  on  benzenesulphone  chloride.   In  1885  R.  Otto    made  it 

from  toluene sulphone  chloride,  benzene  and  mercury  diphenyl. 


(1)  Ber.  d.  cher..  Ges.  \l.   116. 

(2)  3er.  d.  chem.  Ges.  11,  20C8. 

(3)  3er.  d,  ohwra.  Ges.  18,  249. 


4. 


In  1895,  Nowoll,   workinc  in  this  l/iboratory,  made  para- 
phenylsulphonebenzoio  acid  by  oxidizing  paratolylphenylsulphone, 
which  he  obtained  by  the  '\ntion  of  benzene  and  aliminiiin  chloride  on 
paratoliiene3\:lphone  chloride.   He  fovmd  the  meltinij  point  of  para- 
phenylenilphonebensrolR  acid  to  be  273°(Tmoorr, ),  usinf;  a  Zincke  Bhort- 
stemmed  thennOTneter.    He  made  various  aalts,  the  chloride,  anide, 
and  anilide  of  the  acid,  and  finally,  by  the  action  of  the  chloride 
on  benzene  and  alximiniiim  chloride,  he  obtained  paraben:^oyldiphenyl- 

eulphone. 

(2) 

In  1900,  Canter,   working  in  this  laboratory,  xmdertook  the 

study  of  the  analogous  comi'Otinde  in  the  ortho  series.   He  used  com- 
raeroied  orthotolnenesulphone  chloride,  from  which  as  much  of  the  para 
chloride  as  possible  hfA  been  removed.   This  he  treated  with  benzene 
and  ^ilianinium  chloride  and  obtained  a  tolylphenylsulphone  whicli  he 
took  to  be  the  ortho  coir.T>ound: 

C6H4<         +  C^Hj  +  (Al  Cl„)  =  C,H,<  ^  ^  HCl  +  ( Al^^Cl  ). 

By  oxidizing  this  milphone  with  potassiiun  perraaneanate  in 
water  he  obtained  an  acid  which  should  have  the  same  formula  as  that 
assigned  by  Graebe  'md  Schultess  to  the  acid  prepared  by  them  by  ox- 
idizing phenylthiosalicylic  acid  with  dilute  nitric  acid: 

<CH  vCOOH 

■^  +  30  =  c^n.^  +  H„0. 

SC..CJIJ°)  *^  ^  ^O.^C  H  (o) 

<«  6  5  «i  6  fi 

The  acid  thus  obtained  by  Canter,  which  he  called  orthophen- 
yl9ulphoneben:?oic  acid,  was  distinctly  diffwrant  fi'om  the  sulphoben- 

(1)  /J5.  Chem.  .T.  ^,  30G. 

(2)  Am.  Chera.  J.  25,  96. 
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sideorthocirbonic  aold  of  Grfiebe  and  Sohultess.   It  melted  nt  £67<*  - 
268«>,  nnd  contained  no  water  of  orjBt alligation,  while  the  acid  pre- 
pared by  Crae'oe  and  Schultess  contained  one  molecule  of  water  of 
orystallijsation  and  melted  at  99",  losins  its  water  of  orystallization 
at  1050,  fmd  after  dehydrating  melted  at  152°.   Canter  also  prepared 
salts  of  orthophenylgulphonebenzoic  acid,  besides  the  chloride,  nmide, 
and  anilide,  ar.d  finally,  by  treatment  of  the  chloride  with  benzene  and 
<\lrmini).un  chloride,  he  obtained  orthobenzoyldiphenylaulphone,  which 
he  showed  to  be  identical  with  the  substance  obtained  by  Remsen  and 
Saunders^   from  the  mixed  chlorides  of  orthosulphotenzoic  acid  by 
treatment  with  benzene  and  aliuniniiun  chloride: 

/CO. CI  /CO.C  H 

C«H.<  +  C.H.  +  (AlpCl.)  =  C,H.<  +  HCl  -KAl^Clg) 

This  last  reaction  was  accepted  as  proof  of  the  ;?tinicture 
of  orthophenylsulphonebenzoio  acid  on  the  one  hand  and  of  orthoben- 
zoyldiphenylsulphone  on  the  other.   It  i*emained  then  to  ascertain  the 
cause  of  the  difference  between  the  orthophenylsulphonebenzoio  acid 
of  Canter  and  the  sulphobenzideorthocarbonic  acid  of  Graebe  and  Schul- 
tess. 

(2) 
In  190S,  Weedon,   working  in  this  laboratory,  repeated  the 

work  of  Graeb-s  and  Schultess  bearing  on  the  formation  of  sulphoben- 
Tideorthoi^-arbonic  acid.   He  prepared  phenylthioaalicylic  acid  by  the 
method  of  Graebe  and  Schultess  and  found  its  properties  to  be  aa  de- 
scribed by  them.   The  results  of  Weedon's  invest  i  gat  ion  of  tlie  oxi- 
dation of  phenylthiosalicylic  acid  are  summarized  briefly  aa  follows: 

(1)  Am.  nhera.  J.  17,  36S. 

(2)  Dissertation,  Johns  Hopkins  University,  1902. 
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When  phenylthiosalioylio  acid  is  heated  with  dilute  nitric 

acid  several  produoto  are  formed,  the  pi'inoipal  one  being  phenylsul- 

phoxideorthocarbonic  acid,  which  Weedon  showed  to  have  the  fomnla, 

^COOH 
C_H.\  .    ffoedon  further  states  that  he  obtained  the  pro- 

duct,  neltine  at  92°,   described  by  Graebe  and  Schultess,  though  its 
separation  froia  phenylsulphoxideorthocarbonic  acid  is  quite  difficult. 
He  also  foitnd  n  third  product,  a  jnilverulent  depoBit,  difficultly  sol- 
uble in  alcohol,  which  he  did  not  study. 

Weedon  was  not  able  to  prepare  the  acid  neltinc  at  99°  in 
quantity  by  the  use  of  dilute  nitric  acid,  but  by  using  concentrated 
or  fuming  nitric  acid  this  vms   almoBt  the  sole  product.   Though  it 
at  first  appe^u-ed  to  be  a  definite  conipound,  TTeedon  found  that  after 
several  crystallisations  two  forms  of  crystals  are  obtained,  one  be- 
ing phenylsulphoxideorthocarbonic  acid,  and  the  other  an  acid  nelting 
at  211'»  -  211. Ro,  which  he  did  not  identify.   He  found  further  that 
these  two  acids  can  be  obtained  fror.  the  product  melting  ^vt  99°  by 
the  difference  in  solubility  of  their  barium  salts.    He  also  showed 
that  when  the  substance  rhioh  melts  at  99°  is  heated  with  potassium 
permanganate  in  water,  n   substance  is  obtained  which  at  first  melts 
at  92°  -  94°,  but  after  standing  exposed  to  the  air  for  several  days, 
melts  at  180°  -  184°,   He  conclxvies  tliat  this  indicatfis  that  the  ac- 
id melting  at  99°  is  a  definite  compound,  which  gives  a  definite  oxi- 
dation product.   As  he  did  not  study  the  substance  melting  at  180°- 
184°,  this  point  was  left  undetermined,  'out  it  in  evident  thnt  the 
acid  described  by  Graebe  and  Schultess  in   not  a  sulphone,  since  it 
can  be  oxidized  and  also  split  up  into  two  oor.etituents,  each  of 
which  is  a  well  characterised  acid. 
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leedon  thnn  tried  the  action  of  potassi^an  rermaneanate  on 
phenylthiosalicylic  aoid,  expecting  that  the  product  would  be  the 
oTthophenylBulphonebenroio  acid  described  by  Canter,  He  obtained, 
hoirev-er,  another  acid,  which  proved  to  be  isomeric  with  orthophony  1- 
sulphonebenroio  acid.   Instead  of  melting  at  267o  -  a68°,  it  melted 
at  143°.   He  made  several  saltc  and  otl.er  derivatives  of  this  acid, 
and  from  the  chloride  he  obtained  orthobenzoyldiphenylsulphone  by  the 
action  of  benzene  and  alximiniiun  chloride.   Thin  he  showed  to  be  i- 
dentioal  with  the  product  obtained  by  Remsen  and  SaunderR    px.d  also 
by  Canterl^^ 

leedon  alao  fo\md  that  the  acid  thus  prepared  by  oxidizing 
phenylthiosalicylic  acid  with  potassiiw  permanganate  loses  one  mole- 
cule of  water  when  heated  with  concentrated  sulphuric  acid,  and  con- 
denses to  ben:?ophenonesTilphone . 

From  the  analyses  of  the  acid,  and  from  its  reactions,  ^ee- 
don  considered  it  to  be  isomeric  with  tlie  acid  described  by  Canter, 
and  he  named  it  phenylsulphoneorthocarbonic  acid,  its  formula  being: 
■COCH 


2  6    f) 

Thus  there  appeared  to  be  two  isomeric  acids  of  this  form- 
ula.  No  simple  theory  could  be  framed  which  would  account  in  a  sat- 
isfactory manner  for  the  existence  of  two  such  compounds,  and,  at  the 
fjuggestion  of  President  Rerasen,  the  work  herein  described  was  under- 
taken in  order,  if  possible,  to  find  an  explanation  of  this  apparent 
iRomerisra. 

(1)  loc.  cit. 

(2)  loc.  oit. 
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II.   PRODUCT?^  OBTAim^D  BY  OXIDI.TING  PHSWYT.THI03ALICYLIC 
ACID  WITH  trtTRIC  ACID. 

Plainly  the  first  point  to  be  settled  was  the  formation 
and  stmoture  of  the  acid  described  by  TTeedon  and  named  by  hin  phen- 
ylaulphoneorthooarbonic  acid.   It  was  also  necessary  to  establish 
his  claim  that  the  sulphobenTideorthooarbonic  aoid,  described  by 
Graebe  and  Schulteas  is  not  a  sulphone  and  therefore  has  not  the  for- 
mula which  they  assigjied  to  it.   The  reactions  used  in  preparing 
these  compounds  were  the  sane  as  those  employed  by  Graebe  and  Sohul- 
tess  and  later  by  Ifeedon. 

Thiophenol  was  prepared  by  the  method  used  by  Weedon,  ' 
from  benzene sulphone  chloride.   The  thiophenol  used  was  colorless 
and  boiled  at  168°  (vmoorr.). 

(1)  loo.  cit. 

(2)  The  experience  of  the  writer  with  thiophenol  leads  him  to  give 

a  brief  description  of  its  physiological  effects.   As  is  well  known, 
in  concentrated  form  it  produces  severe  bums,  but  even  after  a  mo- 
mentary contact  with  the  skin,  very  unpleasant  and  even  dangerous  ef- 
fects may  follow.   After  ten  days  or  even  more,  an  eruption  appears 
at  the  point  of  contact,  accompanied  by  severe  itching.   The  affect- 
ed part  becomes  red  ^r.d  much  swollen,  suppurating  pustules  appear, 
smd  in  severe  cases,  symptons  of  blood  poisoning  manifest  themselves. 
The  treatment  is,  in  general,  that  for  a  severe  burn:  ezclusion  of 
air  and  moisture  and  use  of  an  antiseptic  ointment.   The  vapors  of 
thiophenol,  when  present  in  oonsiderablo  amount,  prodvice  giddiness 
and  headache,  and  have  a  remarkable  effect  upon  the  eyes.   The  lids 
droop,  and  it  is  impossible  to  open  them.   After  a  few  minutes  in 
the  fresh  air,  this  effect  passes  off,  but  the  eyes  remain  very  sen- 
sitive to  light. 
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Phenylthioi!alioylio  'loid  was  prepared  'oy  the  method  of 

Graebe  and  Sohultess,   fron  onthranilio  acid  and  thiophenol.  Wee- 

(  8) 
don    also  prepared  it  in  the  f»arie  nanner.   It  was  found  that  the 

use  of  glacial  acetic  acid  as  a  solvent  effectr  the  purification  of 
the  acid  rather  more  easily  than  alcohol,  and  it  was  therefore  used 
in  purifying  the  acid  prepared  for  this  rork.   The  acid  thus  pre- 
pared was  aljiiost  oolorloas  and  melted  at  166"  (uncorr.)  —  170°  (cor- 
reoted)."'    A  snail  srirple  rras  stzblined  and  as  thus  obtained  was 
pure  white,  but  the  melting;  point  was  not  changed, 

1.  Oxidation  of  Phenyl thioBalicylio  Acid  by  Means  of  Di- 
lute Nitric  Acid. 

Graebe  and  Sohultess    state  thax  when  phenylthiosalicylic 
acid  was  heated  with  dilute  nitric  acid,  (one  part  concentrated  ni- 
tric acid  to  two  parts  water)  they  obtained  an  acid  which  crystallized 
from  alcohol  in  white  needles,  oontainins  one  moleoTile  of  water  of 
crystallization  and  melting  at  99°,   At  105°  this  substance  lost  ita 
water  of  crystallization  and  after  being  dehydrated  it  melted  at  152°. 
From  the  method  of  its  formation  and  the  results  of  analyses  they 

called  it  sulphobenzideorthocarbonic  acid  and  considered  its  formula 

<000H 
They  did  not  make  any  salts  or  other 

derivatives  of  the  acid. 

¥eedon  "     repeated  the  work  of  Graebe  and  Sohultess  on  this 
subject  and  obtained  as  a  product  of  treating  phenylthiosalicylic 


(1)  loc,  oit, 

(2)  loc.cit. 

(3)  The  thermometer  used  in  this  work  was  carefully  calibrated  be- 
fore using  by  the  method  of  Crafts. 


10. 


acid  with  dilute  nitrio  noid,  an  aoid  which  he  identified  oa  phenyl- 

<COOH 

He  found  that  when  thia  acid  ia  crystallized  from  aone- 
what  diliite  alcohol  it  crystallizes  in  two  foma,  one  of  which  has 
one  molecule  of  water  of  crystallization  and  crystallizes  in  very 
slender,  silky,  white  needles  which  nelt  at  80<*-85o,  lose  water  of 
crystallization  at  105°,  and,  after  dehydration,  nelt  at  163°.  The 
other  forre  is  anhydrovie,  crystallizes  in  rhombic  prisms  and  melts  at 
IGS**.   Besides  this  acid  Teedon  also  ottained  a  very  small  amount 
of  the  product  described  by  Craebe  and  Schultess,  and  also  a  very 
small  quantity  of  ai:other  acid  which  he  did  not  study  at  all,  as  it 
▼813  formed  in  such  minute  quantity.   He  made  various  salts  of  phen- 
ylsulphoxideorthocarbonic  acid,  and  also  oxidized  it  by  means  of  po- 
tassium permanganate,  obtaining  phenylsulphoneorthocarbonic  acid  as 
the  result  of  this  reaction. 

The  oxidation  of  phenylthio<?«OLicylic  acid  by  means  of  dilute 
nitric  acid  was  also  studied  to  some  extent  during  the  present  in- 
vestigation, the  results  agi-eeing  in  general  with  those  of  Weedon^so 
far  as  the  work  ^as  carried. 

The  acid  described  by  Graebe  and  Schultess  was  found  to  be 
formed  in  very  small  quantity,  if  at  all,  by  tlie  use  of  dilute  nitric 
acid.   A  product  was  obtained  melting  at  90^,  but  orytreating  it  with 
cold  absolute  methyl  alcohol  most  of  it  dissolved,  leaving  a  residue 
which  melted  at  les**  and  was  anhydrous  phenylsulphoxideorthocarbonio 
acid.   The  corrected  melting  point  of  the  anhydrous  form  of  this  ac- 
id is  167°.   As  Veedon  states,  the  hydrous  and  anhydrous  fonns  of 
this  acid  occur  together,  crystallizing  from  the  sane  solution,  and 
mixtures  of  them  give  nelting  points  ranging  from  85°  to  100°,  so  that 
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it  ia  very  difficult  to  say  that  the  acid  deecribed  by  Graebe  ard 
Schultess  is  forrced.   It  Tas  not  possible  to  isolate  it. 

2.  Ojcidation  of  Phenylthiosalicylio  Acid  by  raeana  of  Ftun- 
ing  Nitric  Aoid. 

Teedon  found  that  when  phenylthiosalicylio  acifl  ir.   trep-ted 
with  fimins  nitrio  aoid  without  heating,  the  acid  described  by  Graebe 
and  Schultess,  melting  at  99°,  is  formed  and  is  alnoBt  the  entire 
product  of  the  reaction.   He  foxmd,  further,  that  while  it  at  first 
appears  to  be  an  individual  coapound,  when  recrystallized  fror.  alco- 
hol four  or  five  tines  it  is  separated  into  two  substances.   One  of 
these  is  deposited  in  the  fom  of  white  needles,  and  the  other  as 
a  white,  pulverulent  substance,  which  is  less  soluble  in  tepid  alco- 
hol than  the  white  needles  and  can  thus  be  separated  froin  then.  He 
showed  that  the  substance  crystallizing  in  needles  is  phenylsulphox- 
ideorthof^arbonio  acid.   The  pulvenilent  stibst^Jice  wiieirecrystallized 
from  alcohol  gave  leaflets  nelting  at  211°-311.5°.   The  substance 
is  an  aoid.   Weedon  did  not  idontifv  it. 

On  repeating  leedon's  work  it  was  found  that  the  acid   Belt- 
ing nt  2110-211.50  is  forrced  only  to  a  snail  extent  under  the  con- 
ditions with  which  he  worked,  but  by  boiling  the  solution  of  phenyl- 
thioBalioylio  acid  in  fuming  nitric  acid  for  sor.e  time,  the  yield  was 
much  increased.   As  a  result  of  several  experiments  the  following 
method  was  adopted. 

Ten  graras  of  phenylthiosalicylio  acid  are  placed  in  a 
small  flask,  and  20  cc.  of  fuming  nitric  acid  are  added  gradually. 
After  the  firr.t   violent  action  has  subsided,  and  the  phenylthio- 
aalioylic  acid  has  dissolved,  the  flask  is  attached  to  a  reflux  con- 
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denser  and  heated  on  the  wnter  bath  for  three  houra.   After  oooling, 
the  solution  is  poured  into  oold  rmter,   A  yellow  oil  separates, 
which  partially  solidifies  after  several  hours.   The  sticky,  semi- 
solid nass  is  heated  in  an  air  bath  at  110"  for  an  hour  and  is  then 
dissolved  in  boiling  benjene,  in  which  it  is  difficultly  soluble. 
Fi'oin  this  solution  small,  colorless  crystals  separate,  together  with 
a  gummy  product  which  adheres  to  thera.   The  nother  liquor  is  poured 
off,  and  the  crystals  are  washed  with  small  portions  of  boiling  ben- 
zene, which  removes  the  gunany  substance.   The  crystals  as  thus  ob- 
tained melt  at  216<*  (uncorr.),  the  corrected  melting  point  being 
222°.   Weedon  fowr.d   211"-211.5°  (uncorr.)  as  the  melting  point,  but 
it  is  probablft  that  the  acid  as  prepared  by  him  contained  some  phen- 
ylsulphoxideorthocarbonic  acid,  T7hich  it  is  very  difficult  to  remove 
by  crystallizing  from  alcohol. 

Weedon  made  the  barium  salt  of  the  acid  melting,  at  211°  - 
211.5**  and  found  it  to  contain  18,80  per  cent  of  barium.   He  suggest- 
ed that  this  is  not  far  from  the  figure  required  by  the  formula  of 
the  phenyl  ester  of  orthosulphohenzoic  acid,  but  considered  this  on- 
ly as  a  possibility.   If  the  action  of  fuming  nitric  acid  shovild  be 
to  introduce  a  nitro  group  into  phenylthiosalicylic  acid,  as  well  as 
to  oxidize  it  to  the  sulphoxide  condition,  the  bariim  salt  of  the 
mononitrophenylaulphoxideorthocarbonic  acid  thus  formed  should  con- 
tain 19.22  per  cent,  of  barium,  which  corresponds  ctilte  well  with  the 
result  obtained  by  Teedon.   A  qualitative  test  of  the  acid  melting 
at  216°  indicated  the  presence  of  nitrogen,  and  a  determination  of 
nitrogen  by  the  absolute  method  of  Dumaa  gave  the  following  results: 
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0.2437  grnra  gave  10. Of)  oc.  =  0.01258  grnn  of  nitrogen. 


CO  OH 
Peroentage.  Calonlnted  for(NO    ),C  .H^  <^  .         Foimd. 

SO.C.H- 


'•<^6"3<^ 


N  4.02  5.15 

Tror.   this  it  ia  evident  that  the  acid  nelting  at  216"  (un- 

oorr.)  is  a  mono  nitro  derivative  of  phenylmilphoxideorthocarbonio 

acid.   No  attempt  was  made  to  determine  the  position  of  the  nitro 

group.    The  formula  of  the  acid  may  be 

COOH  y  COOH 

or  C  .H  < 

.H^       '^        \SO.C.H,.NOo 
0  0  0  4"^ 


(MOy)C  .H,<  or  C  .H. 


When  the  benzene  mother  liquor,  from  which  the  nitro  com- 
pound had  crystallized,  was  evaporated  to  dryness,  a  giimr.y  substance 
remained.    This  was  dissolved  in  boiling  ethyl  acetate,  fror.  rhich 
a  relatively  large  quantity  of  small  wliite  leaflets  crystallized  on 
cooling.   This  substance  melted  at  163°  (vincorr.)  and  was  phenyl- 
sulphoxideorthocarbonio  acid. 

It  was  foTor.d  that  a  mixture  of  phenylsulphoxideorthocarbon- 
ic  acid  with  a  small  proportion  of  the  mono  nitro  derivative  of  this 
acid  crystallizes  from  alcohol  in  white  needles,  melting  at  99°,  los- 
ing water  at  105",  and  melting  again  at  l^^P.        It  appears  from  tliis 
that  the  acid  described  by  Graebe  and  Schultess,  melting  at  99°,  is 
not  a  definite  oompoiaid,  but  a  mixture  of  phenylsulphoneorthocarbonic 
acid  and  a  nor.onltrophenylsulphoxideorthocarbonic  acid. 

The  yield  of  nitrophenylsulphoxideorthocarbonic  acid  is  small 
even  when  the  method  of  preparation  jixsl  described  is  used,  and  an 
attempt  was,  therefore,  made  to  increase  the  proportion  in  which  it 
is  formed. 
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Phenylthiosalicylio  acid  was  treated  with  fiuning  nitric  acid 
as  before.   The  noliition  was  cooled  and  two  volxunefs  of  concentrated 
sulphiiric  icid  were  added.    The  flask  was  then  attached  to  a  refliut 
condenser  and  heated  for  three  hours  on  the  water  bath.   After  cool- 
ing the  reaction  mixture  was  poured  into  cold  water,   A  yellowish 
white,  semi-nolid  nas3  separated.   The  acid  solution  was  poured  off 
and  the  guniay  raass  was  boiled  with  a  little  water,  to  remove  the  ni- 
tric and  sulphuric  acids.    After  cooling  the  gummy  mass  was  removed 
and  dried  in  an  air  bath  at  130°  for  several  hours.   It  then  solid- 
ified on  cooling.   It  was  i^^ilverized  and  boiled  with  benzene.   Most 
of  the  material  dissolved,  and  the  residue  was  filtered  off,  and  dis- 
solved in  alcohol,  fron  which  it  separated,  on  addition  of  water,  in 
very  small  white  crystals  melting  at  about  208°,   The  product  was 
evidently  not  pure,  and  it  was  not  foir^d  possible  to  purify  it.  The 
barium  salt  wan  made,  and  analysis  indicated  that  the  acid  vms   a  mix- 
ture of  dinitro-  and  trinitrophenylsulphoxideorthocarbonic  acids, 
with,  perhaps,  some  of  the  mono  nitro  compound.   The  results  of  the 
analyses  were  as  follows: 

0,2436  gram  air-dried  salt  lost  0,0871  gram  HO  at  180°. 

H.-,0 11,12. 

I.  0.1793  gram  anhydrous   salt  gave  0.0489  gram  BaSO   . 

II.  0,1S71  gram  anhydrovis  salt  gave  0,0349  gram  BaSO   . 

Percentage  Calculated  for  Fo\md. 

^^13V3^^^^'°2^2^.^^  ^^13"7V^^'°2^3V^  ^'  "' 

Ba  17.02  15.28  16.05  16. OC. 
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The  add  product  neltins  at   abo\it   308"  was  nnalysed  for  ni- 
trogen by   the   absolute  nethod. 

0.1845  gran  gave  15.00  oc.  nitrogen     —     0.017.3  grnm  nitrogen. 
Percentage  Caloulated  for  Tbund 

N  8. 30  12.53  9.39 

Oving  to  lack  of  tine  thia  product  was  not  studied  further. 
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III.    PH^Fn>^TLP7Torn:oHT]iocAnnowir;  Acm. 

As  stated  above,  this  acid  wan  firnt  nado  by  Weedon  in 
1902  by  oxidi?:ing  phenylthioBalioylio  aoid  with  potassium  perraanoa- 
nate  in  water.  In  order  to  establisli  its  formula  lie  made  ans-lyses 
of  the  acid  and  of  several  of  its  salts.  He  also  made  the  chloride 
and  amide,  and  from  the  chloride  lie  obtained  orthobenzoyldiphenyl 
srulphone  by  the  action  of  benzene  and  aluminiiun  chloride.  He  also 
heated  phenylsiilphoneorthocarbonio  acid  with  concentrated  sulphiiri'? 
aoid  and  obtained  benzophenonesulphone. 

The  phenylsulphoneorthocarbonic  acid  tised  in  this  investi- 
gation was  made  by  the  method  described  by  ITeedon.   By  heating  phen- 
ylthiosalioylic  acid  with  a  sliijht  excess  of  potassiiun  permanganate 
in  a  large  excess  of  water,  filtering  froF.  the  orides  of  manganese, 
and  acidifying  the  filtrate,  as  directed  by  Weedon,  a  product  was  ob- 
tained which  had  the  properties  which  he  describes.   On  acidifying 
the  filtrate,  this  acid  is  precipitated  as  a  pale  yellovr  oil,  which 
solidifies  on  standing.   This  product  is  easily  soluble  in  methyl, 
ethyl,  and  propylalcohols,  other,  glacial  acetic  acid  and  acetone, 
but  does  not  crystallize  well  fror.  these  solvents,  being  deposited 
usually  as  a  syrup.   It  is  also  difficultly  soluble  in  boiling  water. 
The  best  solvent  from  ^rhich  to  crystallize  it  is  benzene,  in  wliich  it 
is  easily  soluble,  but  to  a  rauch  less  extent  than  in  alcohol.   From 
benzene  it  crystallizes  in  short,  thick,  colorless  needles,  rarlially 
grouped,  rhinh  ire  tjihydrouP!,  and  melt  at  I'll"  (-ir.corr.).    Corrected 

(1)  loe.  clt. 
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for  exposed  stem  of  theiTioneter,  the  melting-  point  in  140°.   From 
water  the  acid  crystallizeo  in  olenr  priens  whioh  melt  r\t  51.5"  and 
contain  1  l/2  noleo\iles  of  water  of  crystallization. 

The  chloride  of  this  acid  Tfi."   prepared  in  the  usual  ray,  by 
the  action  of  phosphorus  pentachloride  on  the  acid.   The  reaction 
takes  place  smoothly  at  about  45°,   The  chloride  is  easily  soluble 
in  ether  and  crystallizes  from  this  solvent  in  long,  clear,  colorless 
prisms  or  needles,  r-hioh,  as  first  obtained,  melt  at  75^-76^  (uncorr.  ). 
After  repeated  crystallization  from  ether  the  melting;  point  is  79  = 
(uncorr.);  80°  (corr.).   It  in  very  difficult  to  remove  the  l-^-st  traces 
of  phosphorus  oxychloride,  and  this  doubtless  explains  the  lower  melt- 
ins  point  given  by  ffeedon,  who  found  it  to  be  75°-76°  (uncorr.).  The 
chloride  is  very  stable.   It  is  not  acted  on  by  cold  dilute  alkali. 
It  is  difficultly  soluble  in  boiling  dilxite  alkali,  and  from  this  so- 
lution phenylsulphoneorthocejrbonic  acid  is  precipitated  on  acidifying. 
A  sample  of  the  chloride  was  exposed  to  the  air  for  three  weeks,  but 
the  melting  point  was  not  changed. 

Anhydride  of  Phenylsulphoneorthocarbonic  Acid.     Wee don 
mentions  another  product  of  the  reaction  of  phosphorus  pentachloride 
Tith  phenylsulphoneorthocarbonic  acid.   He  describes  this  very  brief- 
ly as  being  a  chloride  which  is  formed  by  heating  the  mixture  of  phos- 
phorus pentachloride  and  phenylsulphoneorthocarbonic  acid  to  SOQo, 
He  gives  the  melting  point  of  tliis  product  as  121°-1'?3°,  but  owing 
to  the  lack  of  tine  he  did  not  study  it  further.   Efforts  were  made 
to  obtain  this  second  chloride  during  the  course  of  this  investiga- 
tion, bit  without  success,  and  it  appears  probable  tljat  v/hat  Th'eedor. 
really  obtained  was  a  mixture  of  the  anhydride,  now  to  be  described, 
and  the  chloride.   It  was  found,  as  a  reaiilt  of  numerous  experiments, 
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that  when  i  oonsiclerable  exoen^   of  i^hosphonia  pentachloride  is  used, 
the  result  is  not  in  tlie  least  affoct'?<l  hy   heatinj:  to  200°,  even  for 
gever'\l  hoiirs.   The  chloride  meltinc  at  79°  is  the  only  product 
formed.   If,  however,  an  excess  of  phenylsulphoneorthocarbonio  acid 
is  used,  the  result  is  quite  different.   Besides  the  chloride  a  pro- 
duct is  forr.ed  which  is  practically  insoluble  in  ether,  and  which  is 
thus  easily  separated  from  the  chloride.   The  ner  product  is  solu- 
ble in  acetone,  benzene,  and  alcohol.   From  acetone  it  crystallizes 
in  elongated  rhoabic  crystal?],  and  in  small  square  plates  and  prisns, 
meltins  at  143".   From  benzene  it  crystallizes  in  very  snail,  cleai- 
crystals,  to  which  no  definite  fom  could  be  ascribed,  meltinc  at 
143°  (uncorr.  ).   The  sxibstance  is  not  soluble  in  alkali  even  on 
boiling.   It  does  not  cor.tain  chlorine.   Analysis  gave  results  as 
follows: 

I.  0.S483  gram  gave  0.5580  gram  CO  and  0.0678  gram  HqC. 

II.  0.R408  grar.  gave  0.5483  grar.  CO.,  and  0.0760  grare  H_0. 

III.  0.3035  gram  gave  0.6901  gram  00^  and  0.0909  gram  H  0. 

Percentage.  Calc\ilated  for  ( C  .H ,/       )oO.    Found. 


^SOoC...H^ 


2"6  5 

I.    II.   III. 

C  61.64  61.28  62.09  62.00 

H  3.58  3.03     3.50      3.35 

The  only  coirpoiuid  capable  of  fornation  under  these  conditions  having 
a  formula  in  accordance  with  the  results  of  these  analyses   is  the  rui- 
hj'dride  of  phenylsulphoneorthocarbonio  acid.       The  fomR.tion  of  tM  s 
conpoiond  under  the  conditions  mentioned  is  easily  exi'ilained.       Doubt- 
less the  first  action  is  between  phenylsulphoneorthocai-bonic  acid 
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nnd  phosphorus  pentaohloride  to  form  the  chloride  of  phenylsulphone- 
orthooarbonio  acid.   This  in  turn  reaotc  witii  tlie  excess  oT  p)iftnyl- 
sulphoneorthooarbonio  ncid  to  form  the  anhydride,  a  molecule  of  hy- 
drochloric acid  being  liberated  in  the  reaction. 

To  test  the  correctness  of  this  explanation,  a  mixture  of 
1  (p^HTi     of  the  chloride  of  phenyl aulphoneorthocarbonio  acid  with  1..? 
Si-ans  of  phenylsulphoneorthocarbonic  acid  was  placed  in  a  dry  test 
tube  in  a  sulphuric  acid  bath,  and  heated  to  135''-150'^  for  several 
hours.   The  mas* became  liquid  and  hydrochloric  acid  was  evolved  free- 
ly.  After  about  three  hours  the  tube  was  removed  fl-om  the  bath  and 
allowed  to  cool.   The  contents  solidified  to  a  dai-k  brorn  crystal- 
line mass,  which  was  dissolved  in  boilin£;  benzene,  boiled  with  ani- 
mal charcoal,  and  filtered.   On  cooling,  small,  irresiilarly  shaped, 
colorless  crystals  separated,  which  melted  at  143°,  and  were  identi- 
cal with  those  obtained  as  described  above,   Frorn  this  ex>">erinent 
and  the  results  of  the  analyses  there  can  be  no  doubt  that  the  compound 
is  really  the  anhydride  of  phenylsiilphoneorthocarbonic  acid,  and  that 
its  formula  is:  ySOoCHc: 


>r;0 


<co 
SCoCoHg 
This  anhydride  is  exceedingly  stable  towaixis  alkali. 
Boiled  for  an  hour  with  strong  caustic  soda,  there  was  no  perceptible 
change  in  it.   It  dissolved  in  concentrated  sulphuric  acid,  and  wlien 
this  solution  is  heated  to  130°  for  ten  hours  the  anhydride  is  con- 
verted into  benzophenonegulphone.   The  product  thus  obtained  was  i- 
dentioal  with  that  obtained  by  similar  treatment  of  phenylsulphone- 
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orthooarbonio  acid,  nnd  aloo  with  that  obtained  by  oxidizint;  thio- 
xanthone.   The  anhydride  is  soluble  in  boilins  aloohol  from  which 
it  crystallizes  in  small,  hard,  colorless  crystals,  which  nelt  at 
1450,  ifhlle  the  crystals  from  the  benzene  solution  melt  at  143°. 
¥lien  equal  portions  of  the  anhydride  crystallij^ed  fror.  benzene  and 
from  alcohol  are  nixed,  the  melting  point  of  the  mixture  is  144". 
The  corrected  melting  point  of  the  anhydride  crystallized  from  ben- 
zene is  146°.   Crystallized  from  alcohol,  148°. 

Amide  of  Phenyl milphoneorthocarbonic  Acid.    Then  the  chlo- 
ride of  this  acid  is  allowed  to  stand  with  concentrated  anr.onia  at 
ordinary  temperature  for  21  houi'S,  the  amide  is  formed,  an  appreciable 
amount  of  heat  beins  evolved  during  the  first  few  niraites.   The  sol- 
id product  thus  obtained  is  filtered  from  the  anmoniacal  solution, 
washed,  and  dissolved  in  boilins  water,  filtering,  if  necessary,  fron 
any  unchanged  chloride  which  may  be  present.   On  cooling,  the  ?!r.ide 
crystedlizes  in  slender,  pure  white  needle^,  which  form  a  semi-sul- 
id  mass  in  the  beaker  if  the  solution  is  not  too  dilute.   These  crys- 
tals nelt  at  171o-171.5°(iuioorr. ).   "lie  corrected  melting  point  is 
175°-175,5°.   As  is  the  case  with  all  the  derivatives  of  phenylaul- 
phoneorthocarbonic  acid,  the  amide  is  a  very  stable  compound.  It  wa^ 
found  to  be  impossible  to  make  a  satisfactory  determination  of  nitro- 
gen by  the  Kjeldahl  method,  or  by  the  Gunning  modification,  using 
sulphuric  acid  and  potassiiun  sialphate,   Then  the  latter  method  was 
used  benzophenonesulphone  sublimed  into  the  upper  portion  of  the  di- 
gestion flask  and  was  deposited  in  very  fine  crystals.    This  reac- 
tion nay  be  expressed  in  this  manner: 
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yCONiio        y  ^°  \ 

;  HX      "      =  C.H,<     >C  H   +  NH  . 
°  *  \SC  C  H  (»)     '^  '^Xso/   6  4       3 


Detensinations  of  nitrogen  by  the  Gunning;  modification  of  the  Kjel- 
dahl  method  gave  res'ilts  nhich  rere  too  low,  by  about  0,5  per  cent., 
but  the  result  was  not  uniform,  oome  determinations  giving  results 
as  much  as  one  per  cent,  too  Iof. 

A  determination  of  nitrogen  by  the  absolute  method  of  Du- 
raaa  gave  a  better  result, 

0,4215  Graw  of  fuiide  gave  17,4  cc.  of  nitrogen  (under  stand- 
ard conditions)  =  0,02176  gran  of  nitrogen. 

yCONHg 

Percentage.    Calculated  for  ^^4.\  •     Found, 

H  5.37  5,16 

Ethyl  Ester  of  Phenyl sulphoneor t hoc arboni c  Acid.    Two 
grams  of  the  chloride  of  this  acid  were  boiled  for  a  few  minutes  with 
about  50  cc.  of  absolute  ethylalcohol.   The  chloride  was  easily  dis- 
solved.  Water  was  added  until  precipitation  was  almost  effected, 
and  the  solution  was  allowed  to  cool.    Bunches  of  colorless,  feath- 
ery needles,  radially  grouped,  separated  out  after  standing  a  short 
tine.   These  crystals  melted  at  77°-78<='(uncorr. ).   Con-ected  melt- 
ing point,  730-790. 

The  ethyl  ester  is  saponified  with  some  difficulty  by  boil- 
ing with  a  ten  per  cent,  solution  of  caustic  soda. 

Analysis  by  combustion  gave  results  as  follows: 

0.2317  gram  of  ester  gave  0.5234  gram  CO^  and  0.1029  gram 
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<COOC  H 
Found. 

C  62.06  61.58 

II  4.83  4.03 

Methyl  Plster  of  Phenylf^ulphoneorthooarbonio  Aoicl.   The 
chloride  ras  'boiled  with  ethyl  alcohol  nnd  Trater  was  added  to  the 
solution,  v?Jiich  was  then  allowed  to  oool.   A  slichtly  yellowish  oil 
fjepan-ted,  which  solidified  on  standing.   I^onc  prisnatic  crystals 
also  appeared,  which  were  grouped  so  as  to  resen'ole  plates.   Re- 
cry  stall  i::at  ion  fron  nethyl  alcohol  gave  rectangular  plates  arranged 
in  tiers,  so  as  to  resem'bl*^  a  roof,  the  top  plate  being  nuch  smaller 
than  the  "bottom  plate,  and  the  series  forming  atei>8.   These  crystals 
melted  at  63°.   No  analysis  of  this  cojnpovmd  was  made. 

As  has  been  stated,  Graebe  and  Schultess    prepai-ed  thioxan- 
thone  frorc  phenylthiosalicylic  acid  by  heating  this  acid  with  concen- 
trated sulphuric  acid.  They  oxidi?:ed  thloxanthone  rith  chroF.ic  acid 

(2) 

and  obtained  ben^ophenonesTilphone.  Teedon  .  found  that  when  phenyl- 

sulphoneorthocarbonic  acid  is  heated  for  14  hours  with  concentrated 
sulpbiric  ".cid,  a  similar  condensation  is  affected  and  benzophenone- 
aulphone  is  formed.   These  experiments  were  repeated  in  the  course  of 
the  present  investigation  and  the  statements  of  Graebe  and  Schultess 
and  of  nfeedon  were  confirmed.    Both  methods  led  to  the  formation 
of  a  Tiibstance  which  crystallized  from  alcohol  in  long,  slender,  pale 
greenish  yellow  priaras,  melting  at  18^^   (uncorr.)  or  189.r)':>  (corrected). 

(1)  loc.  cit. 

(2)  loc.  cit. 
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A  raixtiire  of  the  two  apeolnans  of  benzophenonesxilphone  pre- 
pared by  these  two  methods  showed  no  chance  in  the  neltinc  point, 
showlns  then  to  be  identl<ml.   TDien  boiled  with  an  alcoholic  solu- 
tion of  caustic  potash  both  Bpecimnrs  c^ve  the  ohfU*f\oteri»)tio  color 
teat  for  benzophenonesulphone.   On  boilinc  the  solution  becomes  ". 
beautiful  bliie  in  color,  re^ernblinc  the  starch-iodine  blue,  which 
feuies  away  on  cooling,  leaving  the  solution  clear  JWid  colorless. 
These  transformations  nay  be  represented  thus: 

yCOOH  /COOH 

\sC^H-(o)  ^SOg.CeHg 

I  i 

^6^4  <  3°  )>^6"4  ' >  ^."4  <  2^   >  C6«4 

A  further  proof  of  the  relation  between  phenylthiosalicylic 
acid  and  phenylsulphoneorthocorbonio  acid  is  furnished  by  the  follow- 
ing  experiment . 

a.-  An  intimate  mixture  of  phenylthiosalicylio  acid  with  six 
tines  its  weight  of  powdered  line  was  heated  in  a  small  retort.   A 
yelloT7  oil  distilled  over,  and  feathery  needles  also  appeared  in  the 
distillate,  these  being  due,  probably,  to  the  sublimation  of  some 
phenylthiosalicylio  acid.   The  distillate  was  washed  with  a  solxition 
of  sodiim  carbonate  to  remove  this  unchanged  phenylthiosalicylio  acid. 
I]ie  yelloAT  oil  xvas  extracted  with  ether,  dried,  and  distilled.   Af- 
ter the  ether  had  distilled  off  the thermometer  rose  rapidly  to  28C°. 
The  portion  which  came  over  between  286"  and  292°  was  collected. 
Pure  phenyl  mi  Iphide  boils  at  293.  fi®,  according  to  otenliouse.  The 
distillate  was  a  yellow  oil  and  had  an  odor  suggestive  of  volatile 
sulphides.   It  «7-\s  dissolved  in  strong  sulphuric  acid  and  warmed 
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gently.   Chromic  anhydride  v.'hb   -^dded  in  Bmnll  portions  until  the 
solution  showed  a  reddish  color.   The  reaction  mixture  was  then  poured 
into  cold  wnter;  the  yellow  preoipitnte  which  wfif?  fomied  wfts  filtered 
off,  wished,  dried,  nnd  dissolved  in  'oenzene,  from  which  it  crystal- 
listed  in  rhombic  plates.   Recrystallized  fron  alcohol  the  product 
was  obtained  pure,  in  the  form  of  colorless,  rhombic  plates  ^hich  melt- 
ed at  124^  (unoorr.);  12Co  (corrected). 

\),-   In  the  sine  manner,  phenylsulphoneorthocarbonic  acid  was  heat- 
ed with  lime.   A  yellow  oil  distilled  over,  which  solidified  on  cool- 
ins  to  a  yellow  crystalline  mass.   This  was  dissolved  in  benzene, 
from  which  solution  it  crystallized  in  rhorcbic  plates.   These  were 
dissolved  in  alcohol,  from  which  the  pure  product  crystallised  in  col- 
orless, rhombic  plates,  melting  at  124°  (uncorr.);  126°  (corrected). 

A  mixture  of  the  two  specimans  thus  prepared,  neltinc  at 
124°,  showed  no  change  in  melting  point. 

The  melting  point  of  pure  diphenylsixlphone  is  123.75°  (un- 

,(i) 
oorr. ). 


(1)  The  question  of  the  melting  point  of  diphenylsulphone  has  been 
very  carefully  investigated  by  'x.  Bradshaw,  working  in  this  labora- 
tory during  the  present  year.    He  found  that  the  melting  point  is 
123. •'S"  (uncorr.)  no  matt«r  by  what  method  the  sulphone  is  obtained, 
if  the  purification  is  complete.   The  melting  point  of  diphenylsul- 
phone is  variously  recorded,  the  values  ranging  from  124°  to  128°  (un- 
corr. ). 
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The  results  of  this  ejcperinent  nn.y  be  expressed  thus: 
y  COOH  yCOCH 

i  1 

CH^.S.C  H^  ^C JI^.SO.,.CJ{. 

6Fi65  b5^t>>) 

Consideririg  the  results  in  connection  with  the  formation 
of  benzophenonesulphone  hs   described  above,  there  car.  "be  no  doubt 
thj'.t  tiie  structure  of  phenylsulphoneorthocarbonio  acid  is  really  as 
represented  by  Teedon, 

Molecular  Teight  of  Phenyl fnilphoneorthocarbonic  Acid. 
Determinations  of  the  molecular  weight  of  phenylsulphoneorthocarbor.- 
ic  acid  in  benjiene  and  in  alcohol  gave  results  as  follows: 

I.  1.280G  grams  of  phenylsulphoneorthocarbonic  acid  dissolved 
in  38,R300  grains  of  absolute  ethyl  alcohol  raised  the  boiling 
point  0,142°  (corrf^oted  for  height  of  baroFeter),  corresponding 
to  a  raoleciilai"  weight  of  266, 

II.  0,360C  gram  of  phenylsulphoneorthocarbonic  acid  dissolved 
in  42,870C  grariq  of  anhydrous,  thiophene  free  benrene  raised  the 
boiling  point  0,082°,  corresponding  to  a  molecular  weight  of  283. 

III.  0.R9R1  grams  of  plienylsulphoneorthocarbonic  acid  dissolved 
in  43,8700  grartf  of  anhydrous,  thiophene  free  benzaie  raised  the 
boiling  point  0.211°,  corresponding  to  a  molecular  weight  of  27'). 

The  calculated  molecular  weight  of  phenylsulphoneorthocar- 
bonic acid  is  260,18,  the  atomic  weight  of  hydrogen  being  unity. 
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IV.   OXinATION  OF  ORTHOTOLYLPHKWL  HULPHinE. 

As  the  aold  obtained  by  Canter  had  resulted  from  the  oxi- 
dation of  the  methyl  sro\ip  ol'  orthotolylphenylanlphone,  and  the  acid 
obtained  by  TTeedor.,  i.e.  phenyl sulphoneorthocarbonic  acid,  hsid  been 
formed  by  tiie  ojcidation  of  the  sulphide  grouping  of  pher.ylthiosnli- 
/   oylic  acid,  it  was  thou£:;ht  possible  tliat  by  simultaneous  oxidation 
of  both  grotips  it  night  be  possible  to  obtain  both  products.   Tor 
-;his  purpose  orthotolylphenyl  sulphide  was  prepared  by  the  nethod 
of  Graebe  and  Schultess. 

1.  Ort ho t  o ly Iphenyl  3\xlp}iide. 

The  method  employed  in  the  preparation  of  this  copinound 
is  entirely  analogous  to  that  used  in  preparing  phanylthiosalicylic 
acid.   The  reactions  are, 

1.   C-^H.<         +  HNOo  +  HCl  =  C.H.  /   "*     +  2H.,0. 


'OH,  yCH 


C6H4 


+  NaSC  .H^  =  CH-C  +  NaCl. 

N  CI  ^  ^      ^  ^\n.SC  H 

2  2  g  6 


CH3  y.  CH 

^gSCgHg 


3.   C.H,<  =  CII  /   "       +  N  . 


SC  Hr.(«>) 

6  •* 
The  orthotoluidine  used  was  redistilled  thrice  before  using. 

It  boiled  at  1950-196°. 

31  grar.s  of  orth.otoluidine  were  mixed  with  G4  cc.  of  con- 
centrated hydrochloric  acid  and  100  ec.  of  water,  in  a  thick  walled 
beaker  which  was  surrounded  by  crushed  ice.   To  this  mixture  was 


(1)  loc.  oit. 


added-in  snail  vortior.p,  P.O   cr^J".^  of  sodiim  r.itrite  dinsolved  in  100 
oc.  of  v.'.'\ter,  tlie  temperature  being  kei^t  below  f)°  by  droppin£;  cnislied 
ice  into  the  beaker.   The  diazo  solution  thus  prepared  ras  man  in  a 
thin  stream  frori  a  dropping  funnel  into  a  solution  of  34  gi-arp  of  thio- 
phenol  and  60  grarf?  of  oaustio  soda  in  300  cc.  of  rzater,  the  temperature 
of  this  solution  being  50°-60'',  in  order  to  denonpose  the-  dia:5othiorhe- 
nol  ether  as  soon  as  formed.   A  finely  divided  yelloi?  precipitate  was 
formed  and  gas  was  evolved.   The  precipitate  disappeared  on  stirring. 
After  all  the  diazo  solution  had  been  added,  the  mixture  was  heated 
slowly  on  the  rater  bath  until  no  more  gas  was  evolved.   Cai-e  must 
be  taken  not  to  heat  too  rapidlj',  as  the  evoliition  of  gas  nay  be  so 
violent  as  to  be  almost  explosive.   As  the  heating  progressed  a  red 
oil  'separated  and  sank  to  the  bottom.   After  cooling,  this  T^an  drawn 
off  by  means  of  a  separating  funnel  and  dissolved  in  ether.   The  so- 
lution T»as  dried  over  fused  potassiiim  carbonate  and  then  distilled. 
After  distilling  off  tiie  ether  the  thermometer  rose  ra-idly  to  HGO^" 
and  the  portion  boiling  at  2900-302°  was  collected.   This  was  redis- 
tilled and  the  portion  boiling  at  300°-30Z'^  rf\s   collected.   According 
to  Graebe  and  Schultes^  pure  orthotolylphenyl  sulphide  boils  at  304.5°. 
The  thermoT".eter  used  in  this  distillation  was  a  nitrogen  filled  mercu- 
ry thermometer,  graduated  to  550°,  so  that  there  y/as  no  correction 
for  exposed  stem. 

Orthotolylphenyl  siilphide  as  thus  obtained  is  a  pale  yellow, 
mobile,  highly  refractive  liquid,  having  a  disagreeable  odor  suggest- 
ive of  hydrogen  sulphide.   On  long  standing  it  becomes  dark  reddish 
brown  in  color. 
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2.   Oxidntior.  of  Orthotolylrhenyl  Hulphide. 

Fifteen  grans  of  orthotolylphenyl  sulphide  v;ere  mispended 
in  S  1/2  liters  of  boiling  wnt^r  contained  in  a  5  liter  round  f  las?'. , 
which  was  heated  in  boiling  water.    Stervn  wa^  I'-x^^ed  into  the  flask 
oontinuouply.   During  the  first  hour  of  heating  25  grama  of  very 
finely  powdered  potassiuri  permanganate  were  added  in  small  portions. 
The  heating  was  continued  for  16  hours.   A  few  cubic  centimeters  of 
alcohol  were  added  to  reduce  the  excess  of  potassium  permanganate, 
the  precipitated  oxides  of  manganese  were  filtered  off,  and  the  fil- 
trate was  evaporated  to  a  volxine  of  500  cc.    It  was  then  acidified 
with  strong  hydrochloric  acid.   A  pale  yellowish  oil  and  white  crys- 
tals were  precipitated,  tiie  oil  becoming  solid  after  standing  for 
some  hours,   Tliis  product  was  dissolved  in  hot  benzene,  from  which 
it  crystallized  on  cooling  in  bunches  of  short,  colorless  needles, 
radially  grouped,  which  melted  at  143°  (uncorr. )   TThen  a  portion  of 
these  crystals  was  mixed  with  an  equal  portion  of  phenylfsu Iphoneor- 
thocarbonic  acid,  prepared  as  above  from  phenylthiosalioylio  acid, 
the  melting  point  of  the  mixture  was  the  same,  viz.,  143'^  (vmcorr.  ); 
146°  (corrected). 

Analysis  of  the  substance  for  carbon  and  hydrogen  by  com- 
bustion gave  results  as  follows: 

I.  0.3762  gran  gave  0.8173  gram  00^^  and  0,1316  Gram  KgO. 

II.  0.2984  gram  gave  0,6519  gram  COg  ar.d  0.  1065  gram  H2O. 
Analysis  of  the  substance  for  sulphur  by  the  method  of  I.ie- 

big  gave  results  as  follows: 

III.  0.3935  gram  gave  0,3525  gram  BaSO^. 

IV.  0.3R78  gram  gave  0.3429  gram  BaHO^. 
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•COOH 


,  for  C 

•d«4^ 

U   5 

I. 

Found. 
II.          III. 

IV. 

59.51 

69.25 

59.57 

3.ft5 

3.R2 

3.96 

12.23 

12.05 

12.12 

c 

H 
S 

Prora  these  results  it  in  evident  that  phenylavilphoneortho- 
oarbonic  acid  is  also  formed  by  the  oxidation  of  orthotolylphenyl  sul- 
phide by  means  of  potasslun  penr«r.ganate.   No  trace  of  the  acid  de- 
scribed by  Center  could  be  found  in  the  products  of  reaction. 

V.   THE  ACID  DE!^CRIBED  BY  CANTER,  AND  C/J.LED  BY  HIM,  ORIHO- 
PHS^TLSULPHOXEBENZOIC  ACID. 

As  has  been  stated,  this  acid  was  described  by  Canter    in 
1901.   He  obtained  it  by  oxidizing  orthotolylphenylsulphone  by  means 
of  potEissium  pemang'Viate,  and  froir.  its  nethod  of  preparation,  as  rell 
as  fron  tlie  results  of  analyses  made  by  hin,  it  should  have  the  same 
fonmila  as  the  compound  to  »hioh  Weedon  gave  the  name  phenyl sulphone- 
orthocarbonio  acid,   A  careful  study  of  the  latter  compound  having 
confirned  the  correctness  of  this  fornula  for  phenylsulphoneorthocar- 
bonio  acid,  it  renained  to  repeat  the  work  of  Canter,  in  the  hope  that 
some  euiditional  light  mieht  thuB  be  had  on  the  problem. 

The  orthotolylphenylsulphone  used  in  this  work  was  prepared 
by  the  nethod  of  Canter.      The  orthotoluenesuli-hone  chloride  which 
was  used  in  its  preparation  was  that  t^-hich  remained  from  Canter's  irork 
and  was  originally  8ui>plied  by  the  oheoioal  factory  of  von  Heyden. 

(1)  loc.  cit. 
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By  treatinf^  this  material  witli  benzene  nnd  alxariniim  ohlorida  in  tho 
Banner  described  by  Canter,  a  product  was  obtained  which  crystallized 
froR  alcohol  in  white  leafletfl,  melting  at  67.5°-68°  (uncorr.  ),  as 

stated  by  him.    He  analysed  the  substance  and  obtained  results  in 

^Cil, 
accord  with  the  formula  C  .H .  <C    "^      .    It  is  soluble  in  i'e- 

o  4^S02.C6H5 

troleiim  ether,  ordinary  ether,  benzene,  alcohol,  glacial  acetic  acid, 
and  in  strong  nitric  acid,  from  which  it  is  recovered  vmchanged  by 
adding  water.     This  substance  will  be  considered  again  in  another 
connection. 

1.  Preparation  of  So-called  OrthophenylsulphonebenTroic 
Acid. 

The  method  described  by  Canter  was  followed  closely  in  pre- 
paring this  substance.  The  following  directions  are  quoted  from  his 
description. 

"  Ten  grams  of  orthotolylphenylsulphone  were  suspended  and 
partially  dissolved  in  2  l/K  liters  of  boiling  water.   Into  the 
flask  steara  was  continuously  conducted  to  prevent  bumping  and  to  keep 
the  water  hot.    Finely  powdered  potassium  permanganate  in  quantity 
slightly  in  excess  of  the  calculated  amount  was  suided  in  small  spoon- 
fuls throughout  the  space  of  an  hour  and  a  half.   The  boiling  was 
continued  for  15  hours,  till  the  contents  of  the  flask  became  quite 
black  and  a  small  portion  removed  and  filtered  appeared  quite  clear. 
A  few  cubic  centimeters  of  alcohol  were  added,  the  liquid  vias   filtered 
from  the  manganese  dioxide  and  evaporated  to  the  volume  of  one  liter. 
Upon  addition  of  hydrochloric  acid  the  acid  was  precipitated  as  a 
white,  flocculent  mass.   If  precipitated  from  a  cold  solution,  it 

(1)  loc.  cit. 
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"shows  more  of  a  crystalline  fltnioture.   The  ^eid  wns  recrystallized 
from  alcohol,  but  it  wns  hardly  possible  to  obtain  it  pure  in  tliis  way, 
because  of  the  presence  of  some  unchanged  eulphone.   The  baiuvun  eedt 
of  the  acid  was  made,  but  even  this  carried  with  it  some  imlphone. 
The  solution  of  the  barium  salt  was  then  evaporated  to  dryness,  and 
the  dry  salt  was  treated  several  tines  with  boilinc  alcohol.   In 
this  namer  the  remaining  small  portions  of  the  sulphone  were  removed. 
The  remaininc  barium  salt  was  reorystallized  and  from  this  the  free 
acid  was  obtained.    This  was  purified  by  recryst alii j^at ion  from  or- 
dinary alcohol. 

"  Orthophenylsulphoneben^oic  acid  crystsdlizes  in  clear, 
small  plates,  frequently  grour-ed  in  clusters.   It  is  insoluble  in 
water,  and  readily  soliible  in  alcohol,   A  portion  heated  for  an  hour 
and  a  half  in  an  air  "bath  at  a  temperature  of  130<'  lost  nothing  in 
weight.    The  acid  as  above  obtained  melts  at  2670-268°  (uncorr.)." 

By  following  these  directions  as  closely  as  possible  an  ac- 
id was  obtained  which  melted  at  267°,  but  the  yield  of  pure  product 
was  astonishingly  small.   This  ^as  the  more  surprising,  as  the  a- 
mount  of  bariiun  sstlt  obtained,  before  treating  with  boilir^  alcohol, 
was  very  considerable,  and  was  in  a  fair  proportion  to  the  mnount  of 
sulphone  used,  but  after  further  purification  by  the  method  of  Canter 
less  than  half  a  gram  of  the  pure  acid  melting  at  267°  was  obtained 
from  10  grams  of  the  sulphone.   It  was  also  noticed  that  the  barium 
salt  is  completely  soluble  in  boiling  alcohol,  if  enough  of  this  sol- 
vent is  used. 

Other  methode  of  oxidation  were  tried,  in  the  hope  of  in- 
creasing the  yield.   Ammonium  persulphate,  potassixun  persulphate, 
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BOdiiun  peroxide,  and  chromyl  ohloride  were  tried  in  turn,  but  none 
of  these  reasents  effected  h   eatisfaotory  oxidation.   Persulphates 
destroyed  the  sulphone  entirely.   Sodium  peroxide  had  no  effect  on 
it,  nor  had  chromyl  chloride  in  carbon  bisulphide  solution.   After 
these  attempts,  the  preparation  of  the  acid  was  continued  by  the 
method  of  Canter. 

By  heating  the  acid  melting  at  36V  's-ith  lime,  diphenyl 
sulphone  was  obtained,  as  in  the  case  of  phenylsulphoneorthocarbonic 
acid. 

An  attempt  was  also  made  to  condense  the  acid  melting  at 
367°  to  benzophenonestilphone  l.-y  heating  with  concentrated  sulphuric 
acid.   The  acid  dissolved  in  concentrated  sulphuric  acid,  forming  a 
brown  solution,  but  no  fluorescence  was  noticeable.    After  heat- 
ing this  solvit  ion  for  14  hours  at  140°  it  was  cooled  and  poured  into 
water.   A  Thite  precipitate  formed,  which  dissolved  almost  entirely 
in  alkaline  carbonate  or  ammonia.    Wlaen  the  filter  through  which 
this  solvition  had  been  passed  was  boiled  with  alcoholic  potash  the  blue 
color  characteristic  of  benzophenonesulphone  appeared,  fading  entirely 
when  the  solution  was  cooled.   The  amount  of  benzophenonesulphone 
formed  was  so  small  that  a  less  sensitive  test  than  this  would  hardly 
have  shown  its  presence.   There  was  not  er.ough  to  be  removed  from  the 
filter.   The  filter  itself  harl  to  be  boiled  with  alcoholic  potash. 

An  effort  was  now  made  to  recover  the  "imohanged  sulphone", 
which,  according  to  Canter's  description,  ahoiild  be  found  in  the  al- 
coholic mother  liquors  from  the  first  orystalli^^ation  of  the  acid 
and  also  in  the  alcoholic  washings  from  the  barium  salt.   From  the 
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alooholio  mother  liquors  an  acid  was  obtained  whioh  did  not  crystal- 
line froF.  alcohol,  but,  when  the  solxition  was  greatly  diluted  with 
water  or  concentrated  by  evaporation,  this  product  separated  as  a 
syrup.   It  wag  evaporated  to  dryness  and  dissolved  in  benzene,  fron 
which  solvent  it  crystallized  in  bunches  of  short,  clear  needles, 
radially  grouped  and  melting  at  143°  Cvmcorr.  ).   A  mixture  of  a  por- 
tion of  these  crystals  with  an  equal  portion  of  phenylsiilphoneortho- 
oai'bonio  acid  had  the  sar.e  meltinc  point.   The  washings  from  the 
barivim  salt  referred  to  above  contained  the  barium  salt  of  the  acid 
melting  at  143°.    No  orthotolylphenylsulphone  was  found  in  either 
solution.   From  this  it  appears  that  phenyl sulphoneortjiocirbonio  acid 
is  forr.ed  at  the  same  time  as  the  acid  described  by  Canter,  and  a  com- 
parison of  the  quantity  of  each  showed  that  fully  90  per  cent,  of  the 
yield  is  phenylsulphoneorthoopjr-bonic  acid,  which  is  the  substance  which 
Canter  supposed  to  be  "imchar-ged  sulphone".   The  small  yield  which  is 
obtained  of  the  acid  described  by  Canter  is  thus  fully  explained.  It 
is  also  clear  why  a  trace  of  benzophenone sulphone  was  found  after 
heating  this  acid  with  concentrated  sulphuric  acid.   This  suggested 
a  method  of  purifying  the  acid  described  by  Canter.   Since  benzophe- 
nonesulphone  is  insoluble  in  alkalies,  it  is  easily  removed  from,  the 
acid  by  treating  the  reaction  product  with  alkali,  filtering  the  so- 
lution of  the  alkali  salt  from  the  insoluble  benzophenonesulphor.e  and 
reprecipitating  the  acid  by  means  of  hydrochloric  acid.    An  easier 
and  much  more  satisfactory  means  of  separating  the  two  acids,  however, 
is  boiling  water.   By  repeated  boiling  of  the  mixture  with  fresh 
portions  of  water,  all  of  the  phenylsulphoneorthocarbonic  a'lid  is  dis- 
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Bolved,  whllo  the  other  aoid  is  not.    The  acid  melting  at  267°  iR 
almost  entirely  insolu'ble  in  boiling  ben!!ene,  thiiB  giving  another 
raeana  of  separation,  aince  phenyl aulphoneort hoc arbonic  acid  is  easily 
soluble  in  this  solvent. 

It  now  remained  to  determine  the  constitution  of  the  acid 
melting  at  267°.   As  a  preliminary  step  its  raoleoulnT  weight  was  de- 
tennined,  using  alcohol  as  a  solvent, 

1.3330  grams  of  the  acid  dissolved  in  63.63  grams  of  abso- 
lute ethyl  alcohol  gave  a  rise  of  0.108°  in  the  boiling;  point  (cor- 
rected for  barometric  change)  corresponding  to  a  molecular  weight 
of  264.8.   Considering  this  result  in  connection  with  the  formation 
of  dii^henylsulphone  by  distilling  the  acid  with  line,  and  also  in 

vie-iT  of  the  analyses  of  the  acid  and  of  its  salts  by  Canter,  there 

<COOII 
S02.C6H5 

according  to  which  its  molecular  weight  should  be  260,18. 

If  this  is  the  case  it  is  isomeric  with  phenyl sulphoreort ho - 
carbonic  aoid,  which  has  been  proved  to  be  an  ortho  oorapoxind.  Plain- 
ly, the  acid  melting  at  267o  required  more  careful  investigation. 

2,  Purification  of  Orthotolylphenylsulphone, 

About  40  grams  of  orthotolylphenylsulphone  was  prepared 
as  before.   In  recryst alii zing  this  substance  it  was  found  that  if 
more  alcohol  was  used  than  was  necessary  for  solution,  and  the  crys- 
tals which  separated  first  were  filtered  off  and  dried,  they  did  not 
melt  at  67.50-680,  but  several  degrees  higher.   This  indioatyu  the 
presence  of  a  hitherto  unnoticed  imp\irity  in  the  product  which  melted 
at  67. 50-630.    Following  up  thia  clue,  five  or  six  fractional  re- 
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oryatollizations,  allowing  only  a  anall  proportion  o^  tho  produot 
in  solution  to  sep'urate  eaoh  tinft,  gave  a  produot  which  crystallized 
in  beautifully  regular,  oolorlesB,  rhojnbio  plates,  which  felted 
sharply  at  80°,    By  thin  nrtthod  only  a  very  small  quantity  of  the 
pure  substance  was  obtained,  but  by  seeding  the  solution  of  the  low- 
er melting  material  with  small  crystalls  of  the  product  melting  at 
80'=',  a  larger  quantity  of  the  ptire  material  was  obtained.   The  dif- 
ficiilty  of  purifying  this  material  is  a  typical  example  of  the  ten- 
dency which  compounds  of  this  group  have  to  crystallize  in  mixtures 
having  definite  melting  points,  which  remain  unaffected  by  repeated 
recrystallizations.   This  particular  nnse   is  very  interesting  from 
the  fact  that  the  process  can  be  observed  imder  the  magnifying  glass. 
The  first  crystals  which  appear  fror.  a  solution  of  the  substance 
melting  at  t>7.5o-63°  are  very  small,  but  rire  perfectly  shaped  rhom- 
bic plates,  which  move  around  in  the  soltition,  and  rapidly  increase 
in  number.   After  the  crystallization  has  proceeded  for  a  time, 
however,  the  points  of  the  diamond  shaped  crystals  become  bltmt  or 
rounded.   The  crystals  should  be  quickly  filtered  off  by  means  of 
a  punp  as  soon  as  the  slightest  sign  of  this  change  of  form  is  seen. 
If  this  is  done  very  quickly  tlie  crystetls  will  be  foimd  to  be  almopt 
entirely  p.ire,  melting  at  very  nearly  80°.   If  the  crystallization 
is  allowed  to  continue,  and  if  the  solution  is  fairly  concentrated, 
the  re<riltins  crystals  aire  irregularly  shaped  leaflets,  and  melt  at 
67.50-63°.   This  is  really  rather  a  sharp  softening  than  a  true  melt- 
ing of  the  substance,  however,  as  the  liquid  in  the  melting-point 
tube  is  not  entirely  clear,  and  does  not  lose  its  cloudiness  until 
a  temperature  of  about  71°  is  reached,  but  the  change  is  so  sudden 
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and  sharp  at  Ql .fi°-GB°   tliat  it  <:bi\   v»iry  eafjiljr  bo  mlBtfOten  for  p.  true 
meltins  of  the  coinpound,   A  great  number  of  oryntallizationa  of  the 
eubstance  raeltinc  n.t  G7.5<*-68°  io  necess'iry  in  order  to  prep^vre  even 
a  small  proportion  of  the  pure  material  melting;  at  80**,  and  by  actued 
ejpperinent  three  weeks  work  was  required  to  separate  10  grajT-e  of  the 
substance  melting  at  80°  from  40  grams  of  the  substance  meltlnf;  at 
67. 50-680,   This  is  due  to  the  fact  that  only  a  very  small  quantity 
of  the  rhombic  crystals  separate  at  eacri  crystallization  before  they 
have  to  be  filtered  off  and  the  proce!?s  repeated,  which  makes  the 
separation  of  the  pure  material  exceedinglj'  tedinuB,   The  corrected 
melting  point  of  this  substance  is  81°, 

A  few  grams  of  the  substance  which  melted  at  80°  vere  oxi- 
dized with  potassiiun  permanganate  in  the  manner  described  above. 
The  product  was  entirely  phenylsulphoneorthocarbonic  acid,  and  the 
yield  was  very  satisfactory.   This  shows  that  the  product  melting 
at  80°  is  the  true  orthotolylphenylsulphone.   Not  a  trace  of  the 
acid  melting  at  267°  was  obtained  in  this  experiment,  though  very 
careftil  search  was  made  for  It, 

Fror.  thi?  it  y/as  evident  that  the  acid  obtained  by  Canter, 
which  melts  at  267°  is  not  forr.ed  from  the  same  siilphone  that  gives 
phenylsulphoneorthocarbonic  acid,  but  from  another  isomeric  siilphor.e 
which  if?  also  present  in  the  product  as  first  obtained,  melting  at 
67.5°-Ca°.    Considering  the  difficulty  experienced  in  freeing  or- 
thotoluenesulphone  chloride  from  the  paratoluene.nlphone  chloride 
which  is  always  formed  at  the  same  time  and  which  can  only  be  removed 
by  indirect  methods,  it  seemed  probable  that  the  second  sulphone  might 
be  derived  from  some  paratolueneeulphon©  chloride  which  was  present 
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in  the  supposed  pure  orthotoluenesulphone  oiiloride  wliich  served  as 
a  starting  point  in  the  prepai'^ition  of  the  tolylphenylsulphone  which 
melted  at  67.50-68°. 

To  test  this  point  the  niside  was  made  fron  the  toliienesul- 
phone  chloride  used  by  Canter  and  myself.    Crystals  meltinc  at  154" 
-155'',  which  is  the  raelting  point  of  orthotoliienesulphone  amide,  were 
first  obtained.   JYom  the  oricinal  araraoniacal  filtrate  some  crystals 
of  orthotoluenesulphone  amide  also  separated.   These  y/ere  filtered 
off,  the  filtrate  was  evaporated  to  dryness,  jiulveriJse^jL,  cashed  on  a 
filter  with  small  portions  of  cold  water,  and  the  slight  resid\ie  was 
then  dissolved  in  a  little  hot  water.   On  cooling,  white  plates  sep- 
arated which  melted  at  104°  (uncorr.).   This  nelting  point  is  known 
to  be  one  of  the  melting  points  of  a  mixture  of  ortho  and  paratolu- 
enesulphone  amides.    '       IThen  pure  orthotoluenesulphone  amide  and 
imre  psuratoluenesulphone  amide  are  nixed  in  equal  proportion  in  hot 
aqueous  solution  and  allowed  to  crystallize,  the  product  is  a  mixt\xre 
melting  generally  at  120°  or  104°-108o(unoorr. ).   Intermediate  melt- 
ing points  may  be  obtained,  but  recrystallization  results  in  separ- 
ating the  product  into  two  portionSjOne  melting  at  120°  -  the  other 
at  104°-10!5°.   From  these  mixtures  neither  constituent  can  be  separ- 
ated in  a  joire  condition. 

From  this  it  was  evident  that  the  orthotoluenesulphone 
chloride  used  by  Canter,  and  also  in  the  present  work,  was  impure, 
and  contained  some  paratoluenesuiphone  chloride,  and  it  seemed  very 


(1)  Ber.  d.  Chem.  Ges.  10,  943. 

(2)  Amer.  Chem,  Jour.   1.,  170. 
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protable  that  the  •\oid  obtained  by  Canter,  raelting  at  .?67°,  wafl  derived, 
not  from  orthotoluenesulphone  ohloride,  b\it  fror.  tli^s  par'\  ^^ompound. 
The  aoid  in  the  para  series,  corrftspondint  to  tlie  aoid  Tnade  by  Canter, 
hai  been  made  in  this  laboratory  by  Newell  in  1895,  but  the  noltinc 
point  whi(5h  he  recorded  was  273'',  instead  of  266<»-SC7o,  as  given  by 
Canter,  or  267°,  as  herein  recorded.   Since  Newell  states  that  he  used 
a  Zinoke  therinometer  this  difference  is  not  surprising,  as  the  other 
detenninationg  ^rere  raade  with  Ions  stemried  therraometers,   Ilowever,  to 
avoid  any  possible  confusion  on  this  point,  it  was  decided  to  make  a 
speoiraan  of  paraphenylsulphonebenzoic  acid  and  test  its  identity  *ith 
the  acid  obtained  by  Canter  by  direct  coinparison. 

VI .   PAKAPHaWYLSULPHOtJEBENZOIC  ACID. 

This  aoid,  as  has  been  stated  alseT^here,  was  first  prepared 
by  Michael  and  Adair    fron  paratolylphenylsulphone  by  oxidation  with 
potassi\m  permanganate  in  aoetio  acid  solution,  and  also  by  boiling 
the  eulphone  with  potassiun  permanganate  dissolved  in  a  large  excess 
of  water.   The  yield  was  exceedingly  small  in  each  case.   They  give 

the  melting  point  of  the  acid  as  "above  300°". 

(  2 ) 
In  1895  Newell,   working  in  this  laboratory,  investioated 

this  acid.   He  prepared  it  by  oxidizing  paratolylphenyls\ilphone  by 
neans  of  chronic  acid  in  glacial  acetic  acid  solution.   He  fo\md  the 
melting  point  of  the  acid  to  be  273°  (uncorr.),  using  a  Zincke  ther- 
mometer.  The  acid  was  now  made  by  a  method  analogous  to  that  used 
by  Teedon  in  preparing  phenylsulphoneorthocarbonic  acid,   Paraanino- 
benzoic  acid  ras  converted  into  paraphenylnulphidebenzoio  aoid,  and 

(1)  loc.  olt. 

(2)  loc.  oit. 
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this,  by  oxidation  witli  potnssiian  perr.iuicrm^.t e ,  into  pnriphenylmil- 
phoneben-^olo  aoid. 

1.  PfU'aphenylsiilphide'benzoic  Acid. 

A  mixture  of  40  ctrks  of  pnra^'w.lnobenToio  acid,  64  oc.  of 
concentrated  hydrochloric  aoid,  and  300  cc,  of  water  is  cooled  to  0" 
in  a  thickwalled  beaker,  surroimded  by  cn.ished  ice.   A  concentrated 
solution  of  22  greans  of  sodiiun  nitrite  is  added  in  small  portions, 
with  stirring,  the  temperature  being  kept  below  5°  by  addition  of 
crushed  ice  from  time  to  time.   After  the  reaction  is  contplete  the 
diazo  solution  is  run  in  a  thin  strean  from  a  dropping  funnel  into  a 
solution  of  34  grams  of  thiophenol,  CO  gramf?  of  caustic  soda,  and 
300  cc.  of  water,  which  has  been  heated  in  a  large  beaker  on  a  water 
bath  to  500-60°,   During  the  addition  of  the  diazo  solution  the  mix- 
ture must  be  stirred  constantly,   A  light  yellow,  ourdy  precipitate 
is  formed  at  the  point  where  the  diazo  9olution  enters  the  thiopheno- 
late  solxition,  but  this  dissolves  on  stirring,  with  evolution  of  gas, 
forming  a  dark  red  solution.   After  all  of  the  diazo  solution  has 
been  added  the  red  solution  is  heated  on  the  water  bath  until  the  evo- 
lution of  gas  ceases.   After  cooling  it  is  acidified  with  strong  hy- 
drochloric acid,  and  paraphenylsulphidebenzoic  acid  is  precipitated 
as  a  dark  red  mass,  which  is  filtered  off  by  meaiis  of  a  Buchner  fun- 
nel and  suction.   The  acid  is  then  dissolv^tJ.  in  a  solution  of  sodiiun 
carbonate  and  filtered  from  phenyldi sulphide  which  is  formed  by  the 
oxidation  of  a  part  of  the  thiophenol.   Paraphenylsulphidebenzoic 
acid  is  again  precipitated  by  acidifying  the  filtrate  »'ith  strong 
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hydroohlorio  acid.   As  thus  obtained  the  acid  ia   very  impure,  and  has 
the  appearanoe  af  a  red  tar,  which  aolidifies  on  standing.   It  oan 
not  be  purified  by  cryi^t .alii nation  fror.  aloohol,  glacial  acetic  acid, 
other  or  benzene,  as  the  tar  is  about  eqvially  as  soluble  ae  the  aoid 
in  these  solvents.   Neither  car.  the  purification  be  effected  by  nak- 
ing  the  barium  or  calciun  salt  of  the  acid.   The  only  nethod  of  pu- 
rification which  was  to  the  slightest  degree  satisfactory  was  to  ex- 
tract the  paraphenylsulphidebenzoic  acid  by  nears  of  boiling  ligi'oin, 
using  a  Soxhlet  apparatus  and  continuing  the  extraction  for  days,  or 
even  weeks.   The  acid  is  very  difficultly  soluble  in  ligi'oin,  while 
the  tar  is  practically  insoluble.   After  the  extraction  is  coinplete 
the  ligroin  is  distilled  off  and  the  acid  purified  by  crystallization 
from  alcohol.   It  crystallizes  in  light,  colorless,  feathery,  elong- 
ated hexagonal  plates,  which  melt  at  173^  (uncorr.).   The  corrected 
melting  point  is  177°. 

The  acid  as  thus  prepared  does  not  contain  water  of  crys- 
tallization.  Analyaiei  gave  the  follo^'ing  results: 

0.1631  gran  gave  0.4012  gran  of  CC^  and  0.0C25  gram  of  H2O. 

0.2467  gram  gave  0,2616  gram  3aSC^. 

/COOH 

C  67.82  67.48 

H  4.36  4.27 

S  13.91  14,02 

The  barium  salt  of  this  aoid  is  difficultly  soluble  in  boil- 
ing water,  froo  which  it  crystallizes  in  very  thin  plates,  containing 
2  1/2  molecules  of  water  of  crystallization.  Analysis  gave  the  fol- 


Percentage.       Calculated  for  C-H^^       .       Found. 
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lowing  results : 

C.1113  gran  of  air  dried  salt  lost   O.OOSl  ^ar.  H  0  when  heated 
to  140°  for  3  hovirs. 

f/coo    \       2V2 

HgO  7.02  7.27 

0.10S6  srnr  of  dehydrated  salt  s^ve  0.0401  gran  BaSO   . 

4 

f^COO    \ 
C^4"\qr'  H       ^''■*  roiir.d. 

Ba  23,07  22.98 


2.     Oiidation  of  Paraphenylsulphidebenzoio  Acid  by  Means 
of  Potassium  Permanganate. 

When  paraphenylsulphidebeni^oic  acid  is  heated  with  a  alight 
excess  of  potassiian  permanganate  in  a  large  excess  of  water,  pai-a- 
phenylaulphoneben^oio   acid  is  formed.       The  method  is  exactly  the 
same  as  that   already  described  in  the  case  of  oxidizing  orthotolj'l- 
phenylsulphide,   hnt   the  oxidation  is  complete  in  about  two  hours. 
The  filtrate  from  the  oxides  of  manganese   is  acidified,    after  evapo- 
rating to  a  small  volume,  while  hot.        If  the  solution  is  cold  para- 
phenylmilphonebenToio  acid  is  precipitated  so  finely  divided  that   it 
is  almost   impossible  to  filter  it. 

As  thus  obtained  the  acid  is  a  fine,   crystalline,   white 
powder.        It   is  easily  soluble  in  alcohol,   from  which  it  ory3talli?;es 
in  small,  white  leaflets  which  melt   at   ?367o  (imcorr.).       The  correct- 
ed melting  point   is  277".     It  is  insoluble  in  benjrene  and  water. 
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A  portion  of  this  substnnoe  was  mixed  wit"n.jui  equal  portion 
of  the  ftcid  melting  at  267°,  whioh  had  been  prepared  in  the  manner 
described  by  Canter  from  the  onide  orthotolylphenylinilphone  melting 
at  ev.fjo-eso.   The  melting  point  of  the  mixtxire  showed, no  ohanee. 
Fi'om  this  there  can  be  no  doubt  that  tlie  acid  obtained  by  Carter, 
melting  at  367o,  is  really  paraphenylsulphonebenzoic  acid  and  not  the 
ortho  compoimd,  as  he  supposed.   As  has  been  stated,  Neirell  fo\md 
the  melting  point  of  this  acid  to  be  073°  (uncorr.)  using  a  Zincke 
thermometer. 

The  salts  of  thi.'='  acid  as  described  by  Canter,  contain  much 
more  water  of  crystallization  than  they  do  according  to  Kewell.   IJew- 
ell,  however,  did  not  heat  the  salts  to  as  high  a  tenperattire  as  Can- 
ter did.   A  sufficient  quantity  of  the  acid  was  not  at  hand  during 
this  investigation  to  permit  of  a  thorough  examination  of  all  of  the 
salts  made  by  Canter.   The  barium  and  calcium  salts  were  made,  how- 
ever, and  from  the  behavior  of  these  two  salts  it  seems  probable  that 
the  figures  given  by  Canter  are  more  nearly  correct  than  those  given 
by  Newell.   Neither  of  these  salts  loses  water  of  crystallization 
to  any  great  extent  at  110°,  or  even  at  130°,  but  at  165°  all  of  the 
water  is  easily  removed.   The  salts  lose  most  of  their  water  by 
standing  in  a  desiccator  for  several  days. 

The  barium  salt  crystallizes  in  slender,  white  needles,  con- 
taining three  molecules  of  water  of  crystallization.   Analysis  gave 
the  following  results: 

0.0a39  gram  air  dried  salt,  heated  to  166«>  for  an  hour  and  a 
half,  lost  0.0CC4  gran  HgO. 
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Percentage         Caloulnted  for    [c,^n,<[2'^  |    Ba  +  3H„0,     Foiind. 

HpO  7.57  7.63 


I.  0.14G7  gr?ur.  anhydroiis   salt  gave   0.0517  grfw.  BaSO   . 

II.  0.1770  graa  anhydrovis  salt  gave  0.0630  gram  BaSO   . 


Percentage         Calculated  ^or  (C  JI. <gQ  ^  j,  j 


Ba.       Found. 
2       I.      II, 


Ba  20.81  20.79   20.92 

The  caloiun  salt  crvstalli'res  in  fine,  Trhite  needles,  con- 
taining 6  molecules  of  water  of  crystallization.  Analysis  gave  re- 
sults as  follows: 

O.lfll''  givm  air  dried  salt,  heated  to  165°  for  an  hour  and  a 
half,  lost  0.0294  gram  HgO. 

/    /COO    \ 
Percentage.   Calculated  for  (C.H  -C-^  „  „   C«^  +  6H„0   Found. 

\  **  *  ^°2  V.y  2      2 
HgO  16.14  16.18 

I.  0.1525  gram  anhydrous  aalt  gave  0.0365  gram  CaSO^. 

II.  0,1030  gram  anhydrous  salt  gave  0,0247  gram  CaSO  , 

f        .000   N 

Percentage.   Cedoulated  for  C,H,'',  .-  _  „   Ca.     Found. 

y^o  4   SOgCgH^g      j^       jj^ 

Ca  7,11  7.04      7.06 

Though  there  now  remained  no  doubt  as  to  the  identity  of 
the  acid  described  by  Canter,  the  melting  points  found  by  him  for  the 
chloride  and  amide  of  this  acid  differ  so  much  from  those  given  by 
Newell  that  it  was  thought  neoess^jy  to  examine  these  compo\ind8.  In 
the  experiments  made  to  determine  this  question  the  acid  which  was 
used  was  that  which  had  been  prepared  by  the  method  of  Canter,  but 
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that  used  in  prepHring  the  salts  described  above,  was  mad©  by  ojtidir- 
ing  par'^henjlsiilphidebonzolo  aold. 

3.  Chloride  of  Paraphot ;y 1 sulphonebenz o i o  Aoid. 

The  acid  wa??  mixed  rith  a  little  nore  than  equal  \7eitht  of 
phosphorus  pentachloride  in  a  small  flank,  which  was  irrnerued  in  a 
sulphuric  acid  bath.   The  terrerature  of  the  bath  was  raised  gradu- 
eaiy  to  S00*>,   No  action  at  all  could  be  detected  until  a  tenperature 
of  125°  was  reached,  nr.d  the  action  did  not  become  at  all  vigorous  un- 
til 140°  was  reached.   At  this  tenperature  the  mass  melted  and  hydro- 
chloric aoid  was  given  off  freely.   According  to  Canter  the  reaction 
begins  at  ordinary  temperature  and  proceeds  rapidly  when  the  flask  is 
heated  to  45o  on  the  water  bath.   After  heating  at  200°  for  one  hour 
the  flask  was  removed  from  the  bath  and  the  contents  were  poured  into 
a  porcelain  dir.h.   The  product  solidified  to  a  liglit  broiRii,  crystal- 
line mass.   This  was  powdered  and  washed  with  water  at  40",  first 
by  deoantation,  and  then  on  a  filter,  with  suction.  By  this  treat- 
ment it  becarce  almost  white.    It  was  then  dried  and  dissolved  in 
boiling  ligroin,  in  which  it  is  difficultly  soluble,  ar.d  from  rhich 
it  crystallized  in  small,  colorless,  square  plates.   After  several 
recrvstalli^ations  the  melting  point  was  found  to  be  143^-144°, (vui- 
corr.).   The  corrected  melting  point  in  1460-147".     Newell  fovmd 
the  melting  point  to  be  145,2°  -  145.8",  using  a  Zincke  thenr.oreter. 
Canter  crystallized  it  fron  glacial  acetic  acid  and  gives  itsraelting 
point  as  262. 6°-. 263. 5°. 
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4,  Amide  of  Pfurtghenylnulphonebgnzolo  Aold. 

A  portion  of  the  chloride  of  parThenylmilphonebenrolo  ncid, 
prepared  as  above,  yje.a   digested  with  a  large  ejcoeaa  of  ooncentrated 
aimronia  for  24  hours  at  ordinary  temperature.   The  insoluble  product 
was  filtered  off,  waslied  with  oold  water  and  then  dissolved  in  boil- 
ing water,  in  which  it  is  rather  diffio;iltly  soluble.   On  cooling, 
feathery  white  crystals  separated,  which  inelted  at  240®-240.Bo  (un- 
oorr.).   The  corrected  melting  point  is  248.3<'-248.8".   Newell  ei^e*' 
2420-243°  using  a  Zinoke  thermometer.   Canter  sivee  2R4°-253o  as  the 
melting  point. 

CONCLUSIONS. 

The  results  of  this  investigation  may  be  supmarised  as 
follows: 

1.  ¥lien  phenylthiosalicylio  acid  is  oxidi:?ed  with  dilute 
nitric  acid  the  product  of  the  reaction  is  almost  entirely  phenyl- 
sulphoxideorthocarbonic  acid,  as  stated  by  Teedon. 

2,  When  phenylthiosalicylio  acid  is  treated  with  fuming 
nitric  acid  a  substance  is  obtained  having  the  melting  point  of  the 
acid  described  by  Graebe  and  Schultess.    This  substance  is  a  mix- 
ture of  phenylaulphoxideorthooarbonic  acid  and  a  mor.onitro  derivative 
of  this  acid.    The  proportion  of  tlie  nitro  compound  is  increased 
by  heating  the  solution  of  phenylthiosalicylio  acid  in  fiming  nitric 
acid. 
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3.  Wlien  phenylthioaftlioylio  aoid  is  oxidized  by  nenns  of 
potagsiiun  perranr.s'ua'^t e ,  phenylaulphoneortliofjarbonio  noid  is  formed, 

as  stated  by  ffeedon.        The  reactions  of  thin  acid  shoir  it  to  have 

<C0OH 
,   given  by  Teedon. 
SOs.CgH^C) 

4.  When  orthotolylphenyl  siilphide  Ib  oxidized  by  neans  of 
potassiica  perraanijanate,   phenylsulphoneorthocarbonic  acid  is  formed. 

5.  The  acid  melting  at   2Q7°,   obtained  by  Canter,   and  sup- 
posed  by  hin  to  be  ortuophenylsulplionebenzoic  acid,   C.-H.^"'^ 

is  really  the  isomeric  paraphenylsulphor.ebenzoio  acid,   which  had 
been  made  previously  by  Neirell.        Its  formation  under  the  conditions 
of  Canter's  invest ii^at ion  was  due  to  the  presence  of  paratoluenesiU.- 
pbone  chloride  in  the  orthotoluenesulphone  chloride  wit3i  which  he 
worked, 

6.  TJhen  ptire  orthotolylphenylsiilphone  is  oxidized  with  po- 
tassium permantj'anate,  phenylsulphoneorthocai-bonii?  aoid, 

'COOH 
C  H    <  ,   is  the  only  product   obtained. 

^  ^         30.x  .HA  °) 
<s  o  o 

7.  Paraphenylsulphideben^oic  acid  is  obtained  from  para- 
aminobenzoic  aoid  and  thiophenol  by  a  process  exactly  analogous  to 
the  preparation  of  phenylthiosalicylic  aoid  from  anthranilic  acid 
and  thiophenol.   Paraphenylfnilphidebenzoio  acid  is  oxidized  to  para- 
phenylsulphonebenzoio  acid  by  means  of  potassi\in  permanganate,  jvist 
as  phenylthiosalicylic  acid  is  oxidized  to  phenylaulphoneorthooarbon- 
io  acid  under  similar  conditions.   This  reaction,  together  with  anal- 
yses of  the  acid  and  of  its  barium  salt,  show  the  forrcula  of  paraphen- 

^COOH 
ylffialphidebenzoic  acid  to  be  C J{.< 

^^SCgK^(p)  • 
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